Aims: To assess whether the distribution of genotypes of F-specific RNA bacteriophages reflects faecal pollution of human and animal origin in water environments. Methods and Results: Stool samples, animal feedlot waste slurries and a wide variety of faecally polluted waters were studied in South Africa and Spain. Genotyping was performed by plaque and spot hybridization with genotype-specific probes. Only genotypes II and III were detected in human stool. Animal faeces contained predominantly, but not exclusively, genotypes I and IV. Raw hospital and municipal sewage contained mostly genotypes II and III, whereas genotypes I and II prevailed in settled sewage, secondary treated sewage and non-point diffuse effluents from developing communities. Abattoir wastewaters contained mostly genotypes I and IV. No differences were observed between the distribution of genotypes in Spain and South Africa. Conclusions: Although the association of genotypes II and III with human excreta and I and IV with animal excreta was statistically significant, the results suggest that the association cannot be used for absolute distinction between faecal pollution of human and animal origin. Significance and Impact of the Study: This study contributes greatly to understanding the usefulness of genotypes of F-specific RNA bacteriophages in source tracking of faecal wastes.
INTRODUCTION
Faecal pollution of water resources is a problem of increasing concern. Human population growth, inadequate sanitation, mismanagement of animal wastes and surface run-off from agricultural land contribute to escalating faecal pollution of both surface and underground water resources. Information on the human or non-human origin of faecal pollution may contribute to the assessment of health risks and to water resource pollution control (Joklik 1992; Grabow 1996; Sinton et al. 1998) .
A variety of chemical and microbiological methods have been used to distinguish between faecal pollution of human and non-human origin. Faecal sterols of human and animal origin have been used for this purpose (Leeming et al. 1996) . Microbiological methods include: ratios of faecal coliforms to faecal streptococci (Geldreich and Kenner 1969) ; the presence of Rhodococcus coprophilus (Mara and Oragui 1981) ; the presence of some phenotypes of Bifidobacterium species (Mara and Oragui 1983) ; the presence of some phenotypes of Bacteroides species (Kreader 1995) ; ribotypes of Escherichia coli (Carson et al. 2001; Parveen et al. 1999) ; repetitive DNA sequences of E. coli (Dombek et al. 2000) ; antibiotic resistance patterns (Wiggins 1996; Harwood et al. 2000) ; serogrouping of F-specific RNA (F-RNA) bacteriophages (Furuse et al. 1978) ; bacteriophages specific for various strains of Bacteroides fragilis (Tartera et al. 1989; Puig et al. 1999) and phage typing of Staphylococcus aureus (Zierdt et al. 1980) . The ideal would be to have a single test to determine the origin of faecal pollution. However, it would appear that the possibility of developing such a test is slim. With regard to microbiological tests, more information is required on the ecology of most of the proposed indicators in order to select the group or groups of organisms for optimal distinction between faecal pollution of human and nonhuman origin.
F-specific RNA bacteriophages have features attractive for this purpose (Grabow 2001) . These phages are divided into four main serogroups. A number of studies have revealed that serotypes II and III are mainly isolated from human faeces and serotypes I and IV mainly from animal faeces (Furuse et al. 1978; Furuse et al. 1981; Osawa et al. 1981; Havelaar et al. 1990 ). More recently it has been shown that, with a few exceptions, members of each of the serogroups belong to a genetically distinguishable genotype (Hsu et al. 1995; Beekwilder et al. 1996) . Probes for each genotype allow direct plaque hybridization (Beekwilder et al. 1996; Grabow et al. 1998; Schaper and Jofre 2000) , which facilitates studies on the distribution of subgroups in water environments. The limited data available indicate that subgroups II and III predominate in water contaminated with human excreta and subgroups I and IV in water contaminated with animal excreta (Hsu et al. 1995; Beekwilder et al. 1996; Hsu et al. 1997) . However, more data on the ecology and distribution of these groups of phages are required for meaningful assessment of their value as a tool to distinguish between human and non-human faecal pollution.
In this study, the newly developed genotyping hybridization method for F-RNA phages was applied to stool samples, animal feedlot waste slurries and a wide variety of faecally polluted waters in two different geographical areas (South Africa and Spain) to investigate the extent to which the genotypes of F-RNA bacteriophages reflect faecal pollution of human and animal origin in water environments.
MATERIALS AND METHODS

Samples and sampling
Samples were collected in sterile polyethylene containers and kept at 4°C. Water samples were processed within 8 h of collection and stool samples within 2 d. The origin of samples was as follows.
Faeces and slurries. In South Africa, a stool specimen from each of two patients at the Pretoria Academic Hospital was analysed. Specimens of fresh faeces of poultry, pigs and cows were collected from traditional farms in rural areas. In Spain, samples of fresh faeces of poultry, pigs and cows, as well as waste slurries from intensive breeding units of pigs and cows, were collected on farms.
Hospital sewage. In Pretoria (South Africa) and Barcelona (Spain), samples were collected from a hospital wastewater discharge on the hospital premises prior to release into the city sewerage system. These samples were expected to contain almost exclusively human excreta.
Urban or domestic sewage. In South Africa, test samples were collected from settled wastewater at the Zeekoegat and Baviaanspoort wastewater treatment plants near Pretoria. These treatment plants serve different residential areas. Although there was reason to believe that the sewage contained predominantly human excreta, the presence of a substantial component of animal wastes was quite possible, particularly from domestic animals such as dogs, poultry and even cattle. Samples of the raw sewage intake of the Sant Adrià, Gavà, Taradell and Tona treatment plants were analysed in Spain. The first three plants receive predominantly human wastes, whereas Tona receives a mixture of human wastes and a large component from meat-processing industries.
Wastewater from developing communities at Atteridgeville, Soshanguwe and Bostshabello in South Africa was analysed. Samples were taken from streams and diffuse runoff in the residential areas that included domestic wastewater and seepage from pit latrines and septic tanks.
Samples of secondary effluent were collected at the Gavà and Taradell treatment plants in Spain and the Daspoort treatment plant in Pretoria, South Africa. All of these plants received predominantly domestic wastewater.
Abattoirs. In South Africa, raw wastewater samples were collected at an abattoir, which processed predominantly cattle, and from a second abattoir in another area, which processed both cattle and sheep. In Spain, raw wastewater samples were collected at an abattoir for pigs, two abattoirs for poultry and two abattoirs which processed predominantly cattle. Although all of these abattoir wastewaters were expected to almost exclusively contain animal wastes, it would not be possible to guarantee the absolute absence of human wastes.
Recovery of phages from faeces or slurries
In South Africa, stool samples were processed as follows. A wet stool sample (1AE0 g) was suspended in 30 ml phosphatebuffered saline (PBS) and decontaminated by the addition of 3AE0 ml chloroform. After centrifugation at 2000 g for 20 min, the supernatant fluid was carefully removed and analysed for the presence of phages as described below.
In Spain, aliquots of four to six stool specimens were pooled and the pool then analysed as a single sample. A wet sample of pooled faeces (10 g) or slurry (10 ml) was suspended in 100 ml PBS by magnetic agitation for 1 h at 4°C. The suspension was then allowed to settle at room temperature for 10 min, after which a 6-ml aliquot of the supernatant fluid was transferred to a centrifuge tube. After the addition of 2 ml chloroform the suspensions were thoroughly mixed and centrifuged at 2000 g for 20 min. The supernatant fluid was carefully removed to be analysed for bacteriophages as described below.
Detection and enumeration of F-specific RNA phages F-specific RNA phages were quantified by the double agar layer plaque assay (plague-forming units (pfu)) method of ISO (1995) , using Salmonella typhimurium WG49 (NCTC 12484) as host.
Phage suspensions were decontaminated by filtration through a 0AE22-lm pore size low protein-binding polyvinylidene difluoride membrane (Millexä-GV; Millipore, Bedford, MA, USA) (Tartera et al. 1992) or by chloroform treatment, as described earlier, prior to transfer to membranes for hybridization tests.
Phage isolates
Single turbid plaques typical of F-RNA phages were removed from plaque assay plates by aspiration with a micropipette and suspended in 250 ll nutrient broth containing 25 ll chloroform. This suspension was vortexed and then centrifuged at 3000 g for 30 s. The bacteriophagecontaining supernatant fluid was removed and sensitivity of the bacteriophages to the RNase enzyme was determined in order to confirm their identity as F-specific RNA bacteriophages (Beekwilder et al. 1996; Uys 1999) .
When phage isolates cross-reacted with two or more probes, the isolates were purified by plaque assays on serial dilutions of the suspensions and processing of selected plaques as above.
Hybridization of spots of bacteriophage isolates
A practical procedure for the direct hybridization of bacteriophages in spots on multiple copies of plaques on membranes was used for the rapid and convenient identification of F-specific RNA phage genotypes (Uys 1999) . Briefly, 5-ll volumes of the suspensions of phage isolates were spot plated onto premade laws of Salm. typhimurium WG49. After the liquid had penetrated into the agar, the plates were incubated overnight at 37°C for the bacteriophages to produce zones of lysis (plaques) where the suspensions had been spotted. These spots of phages were then transferred to nylon membranes (Hybond-N+; Amersham International, Buckinghamshire, UK) by carefully placing one membrane after the other on the surface of the agar with bacteriophage spots to obtain replicates of the pattern of bacteriophage spots. The transfer of spots was facilitated by keeping the agar plates at 4°C for at least 30 min to make the agar more soft and damp. The first membrane was left on top of the agar surface with bacteriophage spots for 1 min to allow adsorption of the phages to the membrane. The same image of bacteriophage spots was then transferred to another three membranes by increasing the contact period for each subsequent membrane to 2, 3AE5 and 5 min to compensate for the lower number of phages left in the spots after each transfer to a membrane. Nucleic acid was released from phages in spots and denatured by fixation to the membrane by treatment with 0AE05 mol l )1 NaOH for 1 min followed by neutralization with 0AE1 mol l )1 sodium acetate (pH 6) for 30 s. The nucleic acid was then cross-linked to the membrane by 5 min u.v. irradiation in a trans-illuminator. Membranes were further processed immediately or stored at room temperature between filter paper until use. Hybridization of the phage spots on each membrane was then carried out with probes of one of the four genotypes. This implied that each phage spot was exposed to hybridization with probes of one of the four genotypes, which revealed the genotype of phages in each spot.
Hybridization was carried out according to the following principles described by Hsu et al. (1995) . Membranes were washed in a prehybridization solution, containing 6 · SSC; 0AE1% sodium dodecyl sulphate (SDS); 1 · Denhart solution and 0AE1 mg ml )1 salmon sperm DNA for 1 h. Hybridization was performed in the same solution containing 2AE5 pmol ml )1 digoxigenin-labelled probe (Hsu et al. 1995) obtained from MWG-Biotech (Ebersberg, Germany). After overnight incubation of hybridization reactions at 37°C, the membranes were washed twice in a large volume of 0AE3 · SSC + 0AE1% SDS at 37°C for 10 min. Membranes were then treated for chemiluminescent detection of hybrids using Lumigen-CSPD according to the manufacturer's instructions (Boehringer Mannheim GmbH, Mannheim, Germany). Probes hybridized to F-RNA phage nucleic acid yielded dark to black circular spots on the X-ray film.
Direct plaque hybridization
In South Africa, the direct plaque hybridization (DPH) assay was carried out as follows. Hybridization membranes were placed directly onto the surface of plaque assay plates with 20-100 plaques to transfer phages in plaques to four membranes. Hybridization of phage F-RNA nucleic acid was then carried out as described above.
Direct plaque hybridization tests carried out in Spain differed in that plaque assay plates with 20-100 plaques were kept at 4°C for 1 h prior to making the plaque offprints on the nylon membranes (Schaper and Jofre 2000) . The first membrane was left on top of the agar surface for 1 min and the time of exposure to the agar surface was extended by 1 min for each subsequent membrane. The membrane exposed first to the plaques was hybridized with probes for genotype IV and subsequent membranes in sequence with probes for genotypes I, II and III. After plaque transfer, nylon membranes were placed for 5 min on filter paper soaked with a solution of 0AE1 mol l )1 NaOH for release and denaturation of bacteriophage nucleic acid. The membranes were then transferred for 1 min to filter paper soaked with a solution of 0AE1 mol l )1 sodium acetate at pH 6AE0, dried and illuminated for 5 min with u.v. light to fix the denatured nucleic acid. Membranes were stored in plastic bags at 4°C until hybridization was carried out as follows. Membranes were washed in a prehybridization solution, containing 6 · SCC; 0AE1% SDS; 1 · Denhart solution and 0AE1 mg ml )1 salmon sperm DNA for 10 min at room temperature. Hybridization was performed in the same solution containing 2AE5 pmol ml )1 digoxigeninlabelled probe for 1 h at 37°C. The probes used were those described by Beekwilder et al. (1996) and were obtained from Roche Diagnostics (Barcelona, Spain). After hybridization, membranes were washed twice in a large volume of 0AE3 · SSC + 0AE1% SDS at 37°C for 20 min. Membranes were then treated for chemiluminescent detection of hybrids using Lumigen-CSPD according to the manufacturer's indications (Roche Diagnostics).
Data processing and statistical calculations
The averages of genotypes in each sample were calculated. However, samples with less than 25 hybridized plaques were not included in statistical computations (S.D., minimum and maximum counts), since it has been shown that this is the minimum number of isolates that yields a diversity measurement of a microbial community (Bianchi and Bianchi 1982) . This applied to samples processed by the hybridization of spots of bacteriophage isolates (SBIH) method, where 10 or less phage isolates per sample were usually analysed, and to tests on cattle faeces and feedlot slurries by direct plaque hybridization. In this case, the percentage of each genotype in each type of sample (poultry faeces, cattle faeces, etc.) was calculated as the value of the total number of isolates of each genotype with respect to the total number of phages typed in the given type of sample.
The SAS Statistic Program (Anon. 1990 ) was used for statistical analyses. Differences were considered significant when P < 0AE05, as determined by Student's t-test.
RESULTS
Incidence of F-specific RNA phages in faeces and wastewater Analysis of individual stool specimens revealed variable incidences of F-RNA bacteriophages in various host species. Human faeces had the lowest incidence (10%) and poultry the highest (70%) ( Table 1) . Stool specimens showed the highest variability for the incidence of F-RNA phages of all samples analysed in this study. Results for pooled stool specimens indicated the presence of F-RNA phages in all pools of poultry and porcine faeces but only 33% of pools of cattle faeces (Table 1) . F-specific RNA phages were detected in all samples of waste slurry from cattle feedlots and piggeries (Table 1) .
Average counts of F-RNA phages in faecal samples ranged from 6AE5 · 10 2 pfu 100 g )1 in pools of cattle faeces to 1AE0 · 10 5 pfu 100 g )1 in poultry faeces ( Table 2) . The results indicate a correlation between the percentage of positive samples and numbers of the bacteriophages in stool specimens. Average numbers of F-RNA phages in swine and bovine slurries were slightly higher than in pooled faecal samples (Table 2) .
F-specific RNA phages were detected in all samples of the varied spectrum of wastewater samples analysed, with values ranging from 3AE8 · 10 6 pfu 100 ml )1 in sewage from an abattoir slaughtering pigs to 2AE7 · 10 3 pfu 100 ml )1 in the effluent of a wastewater treatment plant which treated urban wastewater by processes including activated sludge treatment and simultaneous precipitation (Table 2) The percentages of F-RNA phages among all phages detected by Salm. typhimurium WG49 which, besides F-RNA phages, detects F-DNA phages and a few somatic phages, ranged from 62AE6 in samples corresponding to pig slurry to 97AE1 in samples of raw sewage from Taradell ( Table 2) .
Confirmation of F-specific RNA phages genotypes
Of the total number of 1723 isolates considered F-RNA bacteriophages on the grounds of host specificity, plaque morphology and RNase sensitivity, 198 (11AE5%) had to be purified because their nucleic acid hybridized with probes for more than one genotype in SBIH tests. Fourteen (0AE8%) of the 1723 isolates could not be typed because their RNA hybridized with probes for more than one genotype even after repeated purification or their RNA failed to hybridize with any of the probes (Table 2) . In DPH tests, the percentages of plaques successfully transferred to membranes and hybridized varied from 84AE2% in the raw sewage influent of Tona to 99AE0% in the faeces of pigs (Table 2 ). In total, 8829 (89AE0%) of the 9920 plaques studied were successfully transferred and hybridized. Among the plaques transferred and hybridized, 8564 (97AE0%) successfully hybridized with probes for one of the genotypes while 256 (2AE9%) could not be accurately typed because their RNA hybridized with probes for more than one genotype. The distribution of plaques hybridizing with more than one probe among the different samples ranged from 0AE0% in several samples to 9AE5% in the raw sewage influent from the Tona wastewater treatment plant ( Table 2) .
Distribution of genotypes in faeces and slurries
The distribution of genotypes of F-RNA phages in stools and slurries is shown in Table 3 . The 20 plaques tested by SBIH from the only two human stool specimens investigated were typed as 90% belonging to genotype II and 10% belonging to genotype III. The majority of F-RNA phages from animals and animal slurry belonged to genotypes I and IV (Tables 3 and 4) . The results for S.D. and maximum and minimum counts indicate substantial variation in the content of type I and IV F-RNA phages in faeces of different animal species as well as different faecal samples from the same species (Table 3 ). In the great majority of animal faeces samples either genotype I or IV was predominant, but there were a few samples in which genotype II was predominant.
Distribution of genotypes in abattoir wastewaters
All abattoir wastewaters contained predominantly, but not exclusively, genotype I and IV F-RNA phages (Table 4 ). In the great majority of samples, the sum of genotype I and IV bacteriophages was much higher than the sum of genotype II (Table 4) . In some samples, genotype I bacteriophages were dominant and in others genotype IV but, in all samples, either genotype I or IV was dominant.
Distribution of genotypes in hospital wastewaters
The great majority of F-RNA phages detected in hospital wastewater both in South Africa and Spain belonged to genotypes II and III, with the sum of genotype II and III bacteriophages on average exceeding 90% (Table 5) . However, as in the case of other wastewaters and faecal specimens, the incidence of the two types varied extensively, with type II predominating in some samples and type III in others.
Distribution of genotypes in municipal raw sewage
The great majority of F-RNA phages in the raw sewage intake of the Sant Adriá, Gavá and Taradell treatment plants in Spain belonged to genotypes II and III (Table 6) . Although the incidence of genotypes II and III varied substantially among samples from different raw sewage influents as well as various samples from the same raw sewage intake, the average of the sum of these two genotypes was close to or exceeded 90%. The sewage concerned is predominantly of domestic origin and the incidence of genotype II and III bacteriophages resembles that of hospital wastewater.
Wastewater effluents from the developing communities Atteridgeville, Soshanguwe and Botshabello and the raw sewage intakes of the Zeekoegat, Baviaanspoort and Tona sewage works all contained, on average, high levels of genotype I and II F-RNA phages with genotype II generally the most common (Table 6 ). On average, the sum of genotype II and III bacteriophages (range 49-72%) was considerably lower than in the raw sewage intakes of the Sant Adriá, Gavá and Taradell treatment plants (range 70-90%). All of the wastewaters with a high incidence of genotype I and II phages were known to include a meaningful component of non-human excreta.
The sewage intake of the Sant Adrià treatment plant was regularly sampled over 2 years with equivalent numbers of samples collected during the winter and summer. No significant association was detected between the incidence of F-RNA phage genotypes and seasons of the year (Student's t-test, P > 0AE05). 
SBIH, Spots of bacteriophage isolates hybridization; DPH, direct plaque hybridization. *Arithmetic mean (S.D.). Maximum and minimum values; see data processing and statistical calculations in Materials and Methods. 
SBIH, Spots of bacteriophage isolates hybridization; DPH, direct plaque hybridization. *Arithmetic mean (S.D.). Maximum and minimum values; see data processing and statistical calculations in Materials and Methods.
Distribution of genotypes in wastewater effluents
Secondary treated effluents from sewage treatment plants receiving mainly domestic sewage in South Africa and Spain showed similar genotype distributions (Table 7) . Compared with raw sewage, the incidence of genotypes I and II tended to increase while that of genotype III tended to decrease. As in most other cases, the incidence of genotypes varied among samples from different sites and among various samples from the same site. However, in all cases the sum of genotypes I and II was significantly higher than that of genotypes II and III. In addition, the average sum of genotypes II and III (range 45-62%) was lower than that of wastewater discharges and raw sewage intakes investigated.
Statistical assessment of the genotype incidence in samples of faeces and wastewaters
Meaningful statistical assessment of the incidence of the four genotypes of F-RNA bacteriophages in samples of faeces and wastewaters collected in diverse geographical areas was complicated by the variability in results for samples from different sources as well as samples from the same source. However, comparison of the sum of mean percentages of genotypes I and IV to genotypes II and III yielded statistically significant differences (Student's t-test, P < 0AE05). The data confirm a statistically meaningful association of genotype II and III F-RNA phages with human faeces and wastewaters associated predominantly with human excreta (hospital wastewater and Sant Adrià, Gavà and Taradell sewage) and genotype I and IV bacteriophages with animal faeces and wastes associated predominantly with animal excreta (abattoir wastewater and animal feedlot slurries). In addition, the counts of genotype II and III bacteriophages were statistically higher than those of genotypes I and IV in human faeces and wastewaters associated predominantly with human excreta (Student's t-test, P < 0AE05). Likewise, the counts of genotypes I and IV were statistically higher than those of genotypes II and III in animal faeces and wastes predominantly associated with animal excreta. Comparison of data for equivalent samples (hospital wastewater and treated municipal sewage) recorded in Spain and South Africa failed to reveal statistically significant differences (Student's t-test, P > 0AE05) between the distributions of genotypes in the two countries.
DISCUSSION
F-specific RNA phages were detected in 10% of human, 70% of poultry, 45% of bovine and 60% of porcine faecal specimens (Tables 1 and 2 ). These results confirm earlier findings (Havelaar et al. 1986; Grabow et al. 1995) that the incidence of the phages tends to be higher in animal than in human faeces. The percentage of samples in which F-RNA phages were detected increased for pools of faecal specimens and approached 100% for animal feedlot slurries (Table 2 ). In addition, numbers of F-RNA phages in slurries were higher and less variable than in pools of stool specimens and individual stool specimens (Tables 1 and 2 ). The data on the incidence of F-RNA phages in individual animals and feedlot slurries suggest that the incidence and numbers of phages are features of individual animals and not a herd effect depending on variables such as the origin and feeding habits of the herd. This implies that a similar incidence and numbers of F-RNA phages can be expected for wastes from herds of the same species in comparable numbers. The percentage of confirmed F-RNA phages among phages detected by the ISO method used (Table 2 ) is in agreement with earlier findings for similar methods . Likewise, the percentage of F-RNA phage isolates that successfully hybridized with gene probes for the established four genotypes, and the percentage of purified isolates which hybridized with probes for more than one genotype, correspond with data in the literature (Hsu et al. 1995; Beekwilder et al. 1996; Schaper and Jofre 2000) . These confirmations imply that the results reported in this study represent, to a meaningful extent, the best technology presently available for studies on the incidence and densities of F-RNA phages, that the results are comparable to those reported by others using similar methods and that any deviation in detection methods used will similarly affect the four genotypes. According to published literature, F-RNA phage genotypes II and III have been detected only in human faeces and genotypes I and IV in animal faeces (Hsu et al. 1995; Beekwilder et al. 1996; Hsu et al. 1997; Uys 1999; Grabow 2001) . This is in agreement with reports on the incidence of serotypes in human and animal faeces (Furuse et al. 1978; Furuse et al. 1981; Osawa et al. 1981; Havelaar et al. 1986 ). The only exception to this rule on record is the detection of serotype II bacteriophages in pig faeces and the detection of serotype IV in human faeces (Havelaar et al. 1990 ). However, the detection of genotype II bacteriophages in poultry, cattle and pig faeces and genotype III bacteriophages in poultry faeces, reported for the first time in this study ( Table 3 ), indicates that the association of genotypes with human and animal faeces may not be as absolute as previously thought.
This conclusion seems to be supported by the large-scale data on the incidence of F-RNA phage genotypes in a variety of wastewaters associated predominantly with human excreta (hospital discharges and domestic sewage) and animal excreta (abattoir wastes and feedlot slurries). The wastewaters predominantly associated with human excreta may obviously also contain animal excreta, notably from cats, dogs and pigeons, and sewerage systems generally tend to be exposed to street run-off and seepage from land on which animals occur. It would be virtually impossible to quantify this non-human component of domestic sewage by the time it arrives at a treatment plant. Likewise, abattoir wastes and feedlot slurries may also contain human excreta because humans work on the sites and leakage or seepage from sanitary facilities may occur. However, the incidence and numbers of genotype I and IV F-RNA phages in hospital effluents and domestic sewage (Tables 5 and 6 ) appear to be more than might be expected from contribution by animal excreta. Likewise, the incidence and numbers of genotype II and III bacteriophages in abattoir wastes and animal feedlot slurries (Tables 3 and 4) appear to be more than might be expected from contribution by human excreta. These considerations, and the latest information on the incidence of genotypes in animal faeces referred to earlier, seem to indicate that the association of genotypes with human and animal excreta is statistically significant but not absolute.
The data for wastewaters display substantial variation in the composition of genotypes in samples from different sources as well as different samples from the same source (Tables 3-7) . However, the variability was decreased to a large extent by combining the genotypes into the two groups I + IV and II + III. In addition, group I + IV was associated with animal wastes and group II + III with human wastes to a statistically significant extent.
Genotypes I and II featured typically in pig slurry (Table 3) , some abattoir wastes (Table 4) , most raw sewage intakes of treatment plants (Table 6 ) and particularly treated wastewater effluents (Table 7) . Sewage treatment at the Gavá and Taradell plants substantially increased the proportion of genotype I bacteriophages and decreased the proportion of genotype III bacteriophages. This may be related to several observations that suggest differences in the stability of F-RNA bacteriophages (A. Havelaar, personal communications; Brion et al. 2000) . Consequently, the composition of genotypes in raw sewage and, particularly, treated wastewaters as well as environmental water sources may be subject to age, treatment and exposure to unfavourable conditions. Furuse et al. (1978) found that subgroup II F-RNA phages seemed to predominate in cold regions and subgroup III phages in warm climates. They concluded that the incidence of genotypes may be affected by geographical factors. However, data reported here for samples collected during all seasons in Spain and South Africa would not seem to support this possibility. This conclusion is based, in particular, on the results of routine monitoring of the raw and treated sewage at the Sant Adriá plant in Spain over a period of 2 years which failed to disclose a meaningful difference in the composition of genotypes for different times of the year.
Although the results of this study cast valuable new light on the association of F-RNA phage genotypes with human and animal excreta, more details are required for meaningful assessment of the extent to which this feature can be used to distinguish between faecal pollution of human and animal origin in practice. For instance, the frequency and numbers of genotype II and III phages excreted by animals need to be confirmed in more detail. According to presently available information, genotype I phages have never been detected in human excreta. This may prove important and needs to be confirmed. Little, if any, sound views or evidence seem to be available on the reason for the association of genotype II and III phages with humans and genotype I and IV bacteriophages with animals. Such information may prove to be of fundamental importance in using the feature as a tool to distinguish between faecal pollution of human or animal origin in practice.
